Two methods for evaluating absorption coefficients of porcelain bodies in the visible wavelength range were proposed and applied to Japanese porcelain. The comparative merits of the methods were discussed. Appar ent absorption coefficients could be obtained more precisely than conventional ones by measuring the trans mittances for different sample thicknesses. Variations in translucency due to compositional change of the porcelain bodies could be explained quantitatively using these coefficients. The scattering and absorption coefficients of bodies were calculated from their reflectances and transmittances using the Kubelka-Munk equations. The accuracy of these coefficients was lower than that of the apparent absorption coefficient be cause of difficulties in the transmittance measurements. Nevertheless these coefficients were very useful for understanding the optical properties of porcelain bodies. The relationship between the reflectance and scat tering coefficient of bodies was also discussed.
Introduction
Translucency is one of the most important characteristics to be taken into consideration when developing porcelain bo dies by changing their chemical or mineral compositions. The relationship between the translucency and microstruc ture of a porcelain body was studied in detail by Noguchi and Hamano.1),2) Several studies were also carried out with the aim of increasing the translucency of porcelain.3)-7) Con ventional methods for measuring translucency, however, have not been fully validated. The evaluation of translucen cy by measuring the transmittance of a sample of constant thickness (1mm) is inadequate.8) It should be noted that the transmittance includes not only transmission but also reflection at the surface (Fig. 1) . The importance of spec tral absorption coefficients in studying the optical proper ties of porcelain bodies has been emphasized,9) although these coefficients have been discussed in only a few studies.9)-11) Absorption coefficients can be obtained in two ways: (1) by measuring the transmittance of the same sam ple at different thicknesses or (2) by measuring the trans mittance and reflectance of a single piece and calculating the coefficients using the Kubelka-Munk equations. The former method has the advantage of giving precise values and the latter has that of obtaining scattering and absorp tion coefficients independently.
The spectral absorption coefficients of porcelain bodies were obtained only by the latter method.9)-11) Moreover, the measurements of spec tral absorption coefficients were incomplete.
In this study, the methods for evaluating translucency were investigated by measuring the absorption coefficients of Japanese porcelain bodies. The comparative merit of the former method in evaluating translucency was also dis cussed. 
Theory
The basic theory for analyzing the optical properties of turbid media was reported by Kubelka and Munk12) and Ryde.13) The application of this theory to the study of por celain bodies was proposed by Dinsdale9) and Hogg.10)
For a dense sample in which incident light is highly scat tered before being transmitted through a very short dis tance compared to the sample thickness, the experimental ly observed transmittance (t) and reflectance (r) can be ex pressed in terms of absorption and scattering coefficients (K and S) as follows:12),13) 
Spectral transmittance
The hemispherical diffuse spectral transmittance of bo dies of various thickness was measured; some of the data are shown in Fig. 2 .
The thickness of each specimen was measured with an ac curacy of 0.001mm. The maximum difference in thickness within the irradiated area (about 40mm2) was 0.01mm. Therefore, the error in thickness was less than 1.5%. The accuracy of the apparatus used to measure transmittance was within 0.002 of the absolute value.
A large transmittance correction is necessary in the case of nonideal contact of the specimen with the integrating sphere because of the thickness (3mm) of the shell of the integrating sphere. The size of the correction estimated from the transmitted light intensities measured by chang ing the distance between the specimen and the integrating sphere several times ( Fig. 3 ) was considerable. More pre cise estimation requires measurement of the angular distri bution of the transmitted light. The ratios of the correction to the observed values were almost constant for three bo dies with different thicknesses, as expected from angle-de pendent calculations in which it was assumed that the light in the specimen is fully scattered. The error due to this cor rection has no influence on the apparent absorption coefficient calculated using Lambert's law, because it is proportional to the observed value and thus can be canceled out. In this study, the transmittance was not corrected as in other studies,9)-11) although the transmittance error had a direct influence on the absorption and scattering coefficients calculated using the Kubelka-Munk equations.
The actual appearance of a translucent porcelain body can be represented by the spectral transmittance at a cer tain constant thickness. The total transmittances of bodies (a), (b) and (c) with a thickness of 1mm irradiated using a standard illuminants C (CIE) could be calculated from the measured values as 18.9%, 27.4% and 10.2%, respectively. The color of light transmitted by bodies (a), (b) or (c) with a thickness of 1mm was expressed as 3.4Y 4.90/1.9, 3.7Y 5.77/0.9, or 0.7Y 3.71/3.8 using the Hue Value/Chroma no tation in the Munsell Renotation system (JIS Z8721). (Fig. 5 ). The error in the coefficients obtained in this study was estimated to be about 5%, which stems from a combination of the errors in thickness and transmit tance measurements. This method has advantages in the evaluation of translucency because reliable data can easily be obtained experimentally.
The apparent absorption coefficients of body (b) were about 1.0mm-1 in the wavelength range from 500 to 750 nm, whereas those of the body with higher feldspar content were lower and almost constant over the entire visible wavelength range. The coefficients in the short wavelength range (380-600nm) increased markedly with increasing clay content. These results are consistent with the empiri cally established fact that increased feldspar content en hances the translucency of a porcelain body. The apparent absorption coefficients obtained in this study expressed quantitatively the variations in translucency with composi tion.
The minimum values of the absorption coefficients of bo dies (a), (b) and (c) were 0.89mm-1 at 640nm, 0.58 mm-1 at 600nm and 1.50mm-1 at 650nm, respectively. The minimum value appears to determine the actual trans lucency of a porcelain body in daylight. The total absorp tion coefficients of bodies (a), (b) and (c) for incident light of standard illuminants C were 0.95, 0.61 and 1.90mm-1, respectively.
Absorption and scattering coefficients
The absorption and scattering coefficients of the three bo dies (Figs. 6 and 7) were calculated from the observed transmittance and reflectance using the Kubelka-Munk equ ations. In this calculation, the boundary reflection coefficients for parallel light incident normally on the front surface and scattered light incident on the inside surface were assumed to be 0.06 and 0.5 as was assumed by Hogg.10) The Kubelka-Munk equations are based on the as sumption that light in the sample is completely scattered.13) The accuracy of the calculated coefficients is reduced due to these assumptions. Nevertheless absorption and scatter ing coefficients are very useful in understanding the optical properties. 
Reflectance and optical characteristics of por celain bodies
The diffuse spectral reflectances of bodies with thickness es of about 10mm and about 1mm were measured for nor mal incidence (Fig. 8) 
Conclusions
Two methods for obtaining spectral absorption coefficients were applied to Japanese porcelain bodies.
The absorption coefficients could be measured precisely by evaluating the transmittance of a sample of variable thickness at a number of different points. The differences between the translucencies of three bodies with different compositions could be quantitatively represented in terms of these coefficients.
The absorption and scattering coefficients calculated us ing the Kubelka-Munk equations were very useful as charac teristics of translucency, although there were errors in the data used to calculate these coefficients , as indicated by measuring several specimens at different distances from the aperture of the integration sphere. For the purpose of practical evaluation of the translucen cy of porcelain bodies, the "apparent absorption coeffic ient" is appropriate because of it is reliable and easy to measure precisely. However, few values for the apparent absorption coefficients of porcelain bodies have been report ed. The spectral apparent absorption coefficients reported in this study will be useful in developing porcelain bodies with improved optical properties.
